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Abstract
We explore local consequences of a non-zero cosmological constant on astrophysical structures.
We find that the effects are not only sensitive to the density of the configurations but also to the
geometry. For non-homogeneous configurations, we calculate the effects for a polytropic configura-
tions and the isothermal sphere. Special emphasis is put on the fact that the cosmological constant
sets certain scales of length, time, mass and density. Sizable effects are established for non spherical
systems such as elliptical galaxy clusters where the effects of Λ are growing with the flatness of the
system. The equilibrium of rotating ellipsoids is modified and the cosmological constant allows new
configurations of equilibrium.
1 Introduction: cosmological motivations for Dark Energy
Astronomical data based on light curves of distant Ia Supernova [1], anisotropies in the cosmic back-
ground radiation [2] and the matter power spectrum of large scale structure [3] agrees with an accelerated
universe which is spatially flat and dominated by a Dark Energy component with a contribution of 70%.
The remaining 30% corresponds to a cold dark matter component, while the contribution of radiation
and baryons is negligible. In order to account for an accelerated phase at the present epoch, the dark
energy component must have a negative equation of state px = ωxρx, ωx < 0. The most favored scenario
is the model with a cosmological constant Λ giving px = pvac = −ρvac = Λ/8π (we set the Newtonian
constant, GN , to one), called ΛCDM model. However there are other interesting models introduced
in order to mimic the current contribution of the Dark Energy component. Some of the most relevant
models are i) Dark Energy with px = ωxρx where −1 < ωx < 0, ii) Dynamical Dark Energy (DDE)
where the equation of state is a function of time ωx = ωx(t), iii) Chaplygin Gas [4] with an equation of
state of the form p = −αH2(γ+1)0 ρ−γ where α < (3/8π)γ+1, a consequence of a¨ > 0 and finite age of
the universe, iv) higher order gravity [5] and v) Quintessence models [6] which introduce the concept
of scalar fields ruled by a potential V (φ) which at the present time mimics a cosmological constant as
Λ ∼ V (φ0) where φ0 is the value of the field at the minimum of the potential. Although in principle
one could translate one model into the other, it is worth noting that Quintessence models have been not
only successful when trying to interpret the cosmological constant but also in explaining the well known
problems of standard cosmology (i.e, the horizon problem, the homogeneity problem and fine-tunning
problems) [7].
After the discovery of the current state of the universe ( the fact that we are dominated by the cosmo-
logical constant), several question have arisen. The inferred values for cosmological parameters such as
the density parameter associated with the cold dark matter Ωcdm = 0.27 ± 0.04 and the dark energy
component associated with e.g.the cosmological constant Ωvac = 0.73± 0.04 [1] lead to the coincidence
problem. One such coincidence emerges if we compare the scales of length and time for the universe
with values set by the cosmological constant. The length (time) scale set by Λ is defined as rΛ ≡ Λ−1/2
which corresponds to 4 × 103Mpc (9.6Gyr). These scales coincide with the size (age) of the universe
which is proportional to the Hubble’s distance (time) dH = H
−1
0 ≈ 6×103Mpc (14Gyr). Essentially the
coincidence is that we are living in an epoch dominated by Λ where e.g. rΛ ∼ H−10 , a relation possible
only at certain times of the expansion. Other aspects of some astrophysical scales set by Λ can be found
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in [8]. Nowadays the origin of the cosmological constant and related problems are a very active field of
modern physics [9].
In standard cosmology the universe is considered an isotropic and homogeneous fluid at large scales. This
allows us to describe it by the Robertson-Friedmann-Walker metric ds2 = −dt2+a(t)2 ((1 − kr2)−1dr2 + r2dΩ2)
where k represents the curvature, dΩ2 is the metric on a 2-sphere and a(t) is the dimensionless scale
factor. This factor determines the kinematics of the universe though the Einstein field equations. For
a spatially flat universe one obtains the Friedmann equation (a˙/a)2 ≡ H2(z) = H20Ωvach1(z) and accel-
eration equation a¨/a = H20Ωvach2(z). The time variable z is the red-shift defined as z = a
−1 − 1. The
functions h1,2(z) are given as
h1(z) ≡ Ωcdm
Ωvac
(1+z)3+(1+z)f(z), h2(z) ≡ −1
2
[
Ωcdm
Ωvac
(1 + z)3 + (1 + z)f(z) (1 + 3ωx(z))
]
, (1)
We have only considered contributions from a cold dark matter component and vacuum energy density.
The function f(z) is given by
f(z) = − 3
ln(1 + z)
∫ z
0
1 + ωx(z
′)
1 + z′
dz′, (2)
which follows from the energy-density conservation law ρ˙ = −3H(t)(ρ+ p) for the dark energy compo-
nent px(z) = ωx(z)ρx(z). As pointed before, the case ωx = −1 corresponds to the cosmological constant
ρx = ρvac. Alternative models with ωx < −1 lead to future singularities in the so-called Phantom regime
[10].
2 Local Dynamics with Dark Energy
Local effects of Dark Energy have been investigated by many authors [11]. We explore these effects
of the background through the Newtonian limit of Einstein field equations [14] from which one can
derive a modified Poisson’s equation ∇2Φ = 4πδρ − 3H0Ωvach2(z), where δρ is the overdensity that
gives rise to the gravitational source of the potential Φ. The total energy density within the clustered
configuration is a contribution of the cold dark matter in the background and the collapsed fraction,
i.e, ρ(z) = ρcdm(0)(1 + z)
3 + δρ. The extra-term 3H0Ωvach2(z) in Poisson’s equation reduces to 8πρvac
for ωx = −1 if we neglect the contribution from the cold dark matter component. This is the standard
Newtonian limit. The more general limit retaining also the time (z) dependent parts is derived e.g. in
[12].
The solution for the potential can be simplified as Φ(r, z) = Φgrav(r)−H20Ωvach2(z)r2 which defines the
Newton-Hooke spacetime [13] for ωx = −1 and ρcdm ∼ 0 at the present time. Two effects combine in
order that we are allowed to make this approximation at the present time: i)the red-shift-dependence
(1 + z)3 and the ratio ρcdm/ρ with ρ the mean density of the configuration. This ratio was 10
−2 at the
moment of virialisation.
Once one knows the solution of Poisson equation Φ(r, z), one can write the Euler’s equation for the
overdensity as δρu˙i + ∂jPij + δρ∂iΦ = 0, (neglecting ρcdm), where Pij is the dispersion tensor. Taking
spatial moments on Euler’s equation one can derive the second order tensor virial equation [15] as
1
2
d2Iik
dt2
=
1
2
H20Ωvac(1 + z)
[
h1(z)(1 + z)
d2Iik
dz2
+ (h2(z) + 2h1(z))
dIik
dz
]
= 2Tik − |Wgravik |+H20Ωvach2(z)Iik +Πik, (3)
where we have neglected surface integrals (this is not the case when we consider configurations with a
non zero pressure at the boundary or if we consider non radial external forces, as electromagnetic forces).
The first line of (3) is the second derivative with respect to time of the inertial tensor in dependence of
the red-shift where we have used the Friedmann equation (h1(z)) and the acceleration equation (h2(z)).
The second line of (3) is the dynamical information encoded in the virial equation. The quantities
involved in this expression are defined as 1
Iik ≡
∫
V
ρrirk d
3r, Tik ≡ 1
2
∫
V
ρuiuk d
3r Wgravik ≡ −
∫
V
ρri∂jΦgravd
3r, Πik ≡
∫
V
Pikd3r, (4)
1We have renamed the density of the configurations from δρ to ρ.
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corresponds to the moment of inertia tensor, the kinetic energy tensor, the gravitational potential energy
tensor and the dispersion tensor.
By taking the trace on Eq. (3) and assuming the virial graviational equilibrium we obtain the most
known form for the virial theorem:
|Wgrav| = 2T + 3Π+ 8
3
πρvacI, (5)
where T = Tr(Tik) and so on for the other terms. Note then that the effects of a positive cosmological
constant are coupled to the moment of inertia which depends on the density profile (or the equation
of state) and the geometry of the configuration. Hence, these two parameters (density and geometry)
become relevant in order to determine sizable effects of a vacuum energy density. It is to be expected
that some effects due to Λ will show up only if the density of the object is low. However, we will see
that geometry helps to enhance such effects.
In order to describe a general consequence of Eq.(5), we write the total kinetic energy as K = T + 3Π.
Since this quantity is positive defined, we conclude that the state of equilibrium is characterized by the
inequality ˜̺> Aρvac where ˜̺ is a characteristic parameter with units of density (such as the man density
or the central density) and A ≡ (16π/3)I˜/|W˜grav|, together with I˜ = I/ ˜̺ and |W˜grav| = 2|W|/ ˜̺2. The
parameter A depends on the geometry of the configurations and/or the parameters specifying internal
structure such as the equation of state.
3 Effects on astrophysical configurations
3.1 Spherical configurations
The tensor virial equation is trivially satisfied for spherically symmetric configuration (in the absence
of electromagnetic fields or non radial forces) since Wgravik = δikWgrav and Iik = δikI. Therefore Eq.(5)
is sufficient in order describe configurations with this geometry.
3.1.1 Homogeneous systems
For constant density (with ˜̺ = ρ) it is straightforward to check that Asph = 2. In this case the effects
of ρvac are not enhanced because of this geometrical factor. However, other effects can be shown to
exist. Indeed, the presence of a cosmological constant allows the existence of a maximal virial radius of
a spherical configuration in virial equilibrium in the limit when K → 0. The radius at virial equilibrium
can be calculated from Eq. (5), as the solution of the cubic equation R3vir +
(
10ηr2Λ
)
Rvir − 3Mr2Λ = 0
where η ≡ K/M = (3kB/µ)T , µ is the mass of the average member of the configuration, kB is the
Boltzmann constant, T is the temperature. The solution for the radius at virial equilibrium reads as
[15]
Rvir(x, η) = 2.53x
−1/3η1/2 sinh
[
1
3
arcsinh
(
0.24xη−3/2
)]
Rmax, (6)
where x = Mr−1Λ and Rmax = Rvir(x, 0) = (3Mr
2
Λ)
1/3 is the maximum radius allowed for astrophysi-
cal/cosmological structures. In astrophysical terms we have
Rmax = 9.5× 10−2
(
M
M⊙
) 1
3
Ω
−
1
3
vach
−
2
3
70 kpc. (7)
This length scale is a combination of a cosmological length scale defined by the cosmological constant
rΛ and a pure astrophysical scale, i.e, the Schwarszchild’s radius Rs = 2M . This combination gives rise
to a relevant astrophysical scale. This new scale with a replacement M → µ in (7) also appears when
studying the motion of test particles in the Einstein-de Sitter space time [16] and represents the last
bound orbit around the source of gravity with mass µ. In other words, Eq. (7) would imply that the
cosmological constant sets the typical scale for bound configurations. Some examples are welcome: for
µ = 106M⊙ i.e. a typical mass of a globular clusters (the tight connection between galaxies and globular
clusters is that the latter are important in galaxy formation) we get Rmax ∼ 8 kpc, whereas for a galaxy
mass, µ = 1011M⊙, we obtain Rmax ∼ 3× 102 kpc. The numerical outcomes correspond to the radius a
typical galaxy in the first example, while the second one agrees with numerical values for the extension
of a galaxy cluster.
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Figure 1: Solutions of Lane-Emden equation for different indexes n and ratios ζc = 2ρvac/ρc [15].
3.1.2 Non-homogeneous systems
The effects on non-homogeneous spherical configurations have been explored by considering polytropic
configurations characterized by a barotropic equation of state of the form p = κρ1+1/n [18]. The
equation governing the behavior of the density of polytropic configurations with cosmological constant
is the modified Lane-Emden equation written as
1
ξ2
d
dξ
(
ξ2
dψ
dξ
)
= ζc − ψn, (8)
where ξ = r/a, ψ = (ρ/ρc)
1/n, ρc = ρ(r = 0), a ≡ (κ(n + 1)/4π)1/2ρ1/2n−1/2c and ζc ≡ 2ρvac/ρc. As a
main effect of a positive Λ one can demonstrate that not all the configurations with a polytropic equation
of state have a defined radius, even for n < 5, as can be seen in Fig.1(i.e. not all values of n leads to a
solution ψ such that for some ξ1 one gets ψ(ξ1 = 0)). We generalize the equilibrium criteria given for
homogeneous configurations by identifying ˜̺ = ρc and writing ρc > Anρvac where the factor An takes
different values for different indexes n. Some examples are A1 = 10.24, A3/2 = 24.24, A3 = 307.69,
A4 ≈ 4000. [19]. Characteristic quantities and concepts such as the radius and the mass as well as the
stability criteria get modified in the presence of Λ. For instance, the radius of such configurations can
be written as Rn = αnR0 where R0 is the radius that one would obtain with ρvac = 0 and αn = αn(ζc)
is an enhancement factor which depends on the polytropic index n and the ratio ζc. Some numerical
values are α1(0.1) = 1.12, α3/2(0.05) = 1.11, α1(0.001) = 1.001, α3(0.001) = 1.022 which shows that
even for spherical configurations effects are found for low density configurations with different values of
n. Worth noting is the case of the isothermal sphere i.e. the case n→∞. The isothermal sphere is an
often employed model in astrophysics [17]. From Figure 1 we can see that including Λ the cases n ≥ 5
do not have a defined radius even in the asymptotic sense. Therefore one can easily suspect that the
extreme case of the isothermal sphere will display even bigger effects which is to say, sizable effects for
larger density. This is indeed the case and the isothermal sphere is not a viable model (with Λ) even at
density comparable with galaxy densities [19]. The stability criteria for polytropic configurations can
be derived via the virial theorem in two ways: one option is to develop Lagrangian perturbations of
the form ξeiωt (where ξ is the Lagrangian displacement) on the tensor virial equation and derive an
equation for the oscillation frequency around equilibrium ω, such that stability would implies ω2 > 0
(see for instance [20]). Another option is to solve for the mass of the configuration as a function of the
central density. Stability (instability) stands for ∂M/∂ρc > 0 (∂M/∂ρc < 0) [21]. Both ways lead us to
write a critical value for the polytropic index such that polytropic configuration are stable if γ > γcrit
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where
γcrit = γcrit(ζc) ≡ 4
3
+
2
3
∂ ln G
∂ ln ρc
, (9)
is the critical polytropic index [19]. The function G depends on the ratio ζc through integrals of the
Lane-Emden function [19] which in turn depends on the index n. Hence, Eq (9) is a transcendental
equation for the critical value of the polytropic index. Nevertheless, Eq.(9) is a generalization of stability
criteria for homogeneous configurations under radial adiabatic perturbations with cosmological constant
and can be written as γ > (4/3)(1 + (1/2)ζ). It is worth mentioning that by including the corrections
due to general relativity, the critical value for γcrit is also modified as γcrit = (4/3) + Rs/R [22] and
hence for compact objects the correction to the critical polytropic index is stronger from the effects of
general relativity than from the effects of the background, as expected.
3.2 Non-spherical configurations
As mentioned before, the effects of a positive cosmological constant can be enhanced through the geo-
metrical factor A. As an example, we consider the virial theorem and solve for the velocity dispersion
for arbitrary geometry and constant density. The final expression has the form v2/v2Λ=0 = 1− (1/2)ζA
where ζ = 2ρvac/ρ. In the last section we saw that for spherical and homogeneous systems Asph = 2 and
hence the correction is just 1−ζ which implies that a sizable effect could be reached only in systems with
ρ → 2ρvac. On the other hand, for non-spherical configurations we can combine a low density feature
with a highly non-spherical geometry in order to find sizable effects on realistic systems. For instance,
for oblate and prolate homogeneous configurations these geometrical factor is written as [15, 17]
Aobl = 4
3
(
3− e2
arcsin e
)
e
2
√
1− e2
a1≫a3→ 8
3π
(
a1
a3
)
,
Apro = 4
3
e(3− 2e2)
(1− e2)3/2
[
ln
(
1 + e
1− e
)]−1
a3≫a1→ 2
3
(
a3
a1
)3 [
ln
(
2a3
a1
)]−1
, (10)
where e2 = 1− a23/a21 is the eccentricity for oblate configurations and e2 = 1− a21/a23 the corresponding
one for the prolate case. From Eq.(10) we see that very flat astrophysical objects we can gain several
orders of magnitude of enhancement of the effect of ρvac. Clearly we often encounter in the universe flat
configurations such as elliptical galaxies, spiral disk galaxies, clusters of galaxies of different forms and
finally superclusters which can have the forms of pancakes. Of course, the more dilute the system is,
the bigger the effect of Λ. We can expect sizable effects for clusters and superclusters, even for very flat
galaxies. Regarding the latter, low density galaxies like the nearly invisible galaxies are among other
the best candidates.
In order to explore the effects of ρvac further we turn to the tensor virial equation for a rotating oblate
configuration. Writing 2Tik = Ω
2
rotIik − ΩrotiIkjΩjrot as (twice) the rotational kinetic energy tensor
and defining a coordinate system such that ~Ω = Ωeˆz one gets the following expression for the angular
velocity:
Ω2rot =
( |Wgravxx | − |Wgravzz |
Ixx
)
− 8
3
πρvac
(
1− IzzIxx
)
= Ω20
[
1− 1
2
ζg(e)
]
, (11)
where Ω0 corresponding to the angular velocity when Λ = 0 given by the Maclaurin formula (see [18])
and ζ ≡ 2ρvac/ρ. The function g(e) has been defined as
g(e) ≡ 4
3
e5
[
(1− e2)1/2(3 − 2e2) arcsin e− 3e(1− e2)
]−1
. (12)
As can be seen from these expressions, the vacuum energy density ρvac has a two effects on the angular
velocity. In first case, it reduces the angular velocity with respect to the value Ω0 especially at the local
maximum (see Figure 3.2). This is not a small effect and can affect even galaxies. Secondly, we see from
Eq. (12) that in the limit e→ 1 one has (1/2)ζg(e)→ (1/2)ζ(32π/9) (a3/a1), approaching 1 for a very
flat oblate configuration and not too dense matter. Therefore, beyond the local maximum in Ωrot the
cosmological constant causes a steeper fall of Ωrot towards 0. In passing we note that galaxy clusters
exhibit rotating ellipsoidal configurations [23] to which our results can be applied.
Figure 2 shows the angular velocity and the ratio β defined as the ratio of rotational over gravitational
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Figure 2: Angular velocity and the function β as defined in the text versus eccentricity e.
contributions i.e. β = T/|Wgrav| versus the eccentricity e.
The tensor virial equation not only gives us the equation for angular velocity (which can be also derived
from Euler’s equation) but also constrains the non-spherical geometries in equilibrium. That is, not all
values of eccentricities represent configurations with rotation which are in equilibrium [20]. For instance,
with ρvac = 0 only two configurations are allowed to have angular velocity along the minor axis and
to be in equilibrium, namely, the Maclaurin solution (oblate) with 0 < q3 < 1 and the Jacobi solution
(triaxial) with 0 < q3 < 0.582 where q3 = a3/a1 (the value q
bif
3 = 0.582 is known as the bifurcation
point). With the inclusion of ρvac in the virial equation, we find two effects [24]. In first place, we see
that the bifurcation point becomes a increasing function of ζ. Secondly, we find a second bifurcation
point qbif3(min) such that for q3 < q
bif
3(min), the only allowed solution is again the Maclaurin solution.
Similar results are found for triaxial configurations which can be reduced to prolate ellipsoids and angular
velocity in the direction of the largest axis which is called minor axis rotation. This is rare case, but
can nevertheless be found in nature [25].
4 Rotating configurations in an expanding background
In this section we consider the full contribution of the background. This is to say we examine how
virialized matter responses to a time dependent external force representing the expansion. We assume
that the shape of the system remains constant even under the effects of a time dependent background. It
is clear that a time dependent term in the virial equation implies that certain internal properties of the
matter distribution (like angular velocity and internal velocity) also change in time, in such a way as to
maintain a constant volume and density. We concentrate here on the effects on angular velocity. Using
equation (1) and (3) and assuming the left hand side of (3) to be zero (i.e. we assume gravitational
equilibrium) we obtain
ǫ = ǫ(z;ωx, ζ, e) ≡ Ω
2 − Ω20
Ω20
=
1
4
g(e)ζ
[
Ωcdm
Ωvac
(1 + z)3 + (1 + 3ωx(z)) (1 + z)
f(z)
]
. (13)
where Ω0 is the angular velocity calculated without any Dark Energy background. As mentioned above
in order to maintain a constant shape in a expanding background the system has to pay the price that
its angular velocity will change with time, according to the dominant component of the background.
If we neglect the CDM component with respect to the density of the system, we see that the Dark
Energy component makes the angular velocity to decrease in order for the system to maintain equilibrium
since 1 + 3ωx < 0. At z = 0 we get ǫ ∼ −0.4g(e)ζ. An extreme situation would be reached if ǫ→ 1 so
that Ω2 → 0. For e ∼ 0.8 this would require ζ ∼ 0.5, which is a very diluted configuration. For higher
eccentricities (say e ∼ 0.97) one would need a system with ζ ∼ 0.2 which is still a rather low value. In
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Figure 3: The fractional variation of the angular velocity with respect its value for Λ = 0 as a function of the redshift
for different Dark Energy models with typical values of ζ and eccentricities.
the ΛCDM model Ω = 0 is reached at a redshift given by zc = [(2Ωvac(ζg(e)− 2))/(ζg(e)Ωcdm)]1/3 − 1.
For realistic examples as ζ ∼ 0.023 (this represents the case of a configurations with ρ ∼ 200ρcdm which
is the typical value predicted by the nonlinear collapse model) an allowed redshift could be reached if
e is very close to 1. This clearly means the extreme situation of zc requires extreme flat objects. In
Fig. 4 we show the behavior of ǫ as a function of the redshift with ζ = 0.01, 0.1 and e = 0.9, 0.95 for
three different values of the equation of state for Dark Energy. It is clear that the effects associated
with a cosmological constant are stronger than the ones associated with other Dark Energy models,
but in general those effects are small for realistic values of ζ as the used in the figure. We would have
to measure the angular velocity at different red-shifts very exactly to see an effect over a range of z.
However, the difference between the models is more significant.
5 Conclusions
In the present work we investigated in detail the astrophysical relevance of the cosmological constant for
equilibrium configurations. Using the tensor and scalar virial equations and the Lane-Emden equation
we could show that many astrophysical facets get modified by Λ. An important aspect is the fact that
Λ introduces new relevant scales (these scales would be zero if Λ = 0) like the maximal virial volume
defined by the maximal virial radius (6) and the maximal extension of bound orbits.
It is often assumed that superclusters with densities ∼ ρcrit are not in equilibrium. With the
inequality ˜̺ > Aρvac we have a precise tool to quantify this statement. Indeed, the pancake structure
of the superclusters lead us to the conclusion that they are even far away from the equilibrium state
due to the factor A which grows with the object’s flatness. On the other hand we can apply the results
also to low density clusters which are assumed to be virialized. Depending on shape and density various
observable, like internal velocity or angular velocity, will get affected by the repulsive force induced
by Dark Energy. The effects are bigger the large the geometry of the objects deviates from spherical
symmetry and the lower the density of the object. Finally, the response of the objects to epoch dependent
expansion gets reflected also in a time dependent variation of some of their properties and the difference
between different Dark Energy models becomes manifest.
Acknowledgments
We thank our collaborators, C. Bo¨hmer and D. F. Mota, for contributions and numerous discussions.
7
References
[1] Riess, A. G. et al. [Supernova Search Team Collaboration], Type Ia Supernova Discoveries at z > 1
From the Hubble Space Telescope: Evidence for Past Deceleration and Constraints on Dark Energy
Evolution, Astrophys. J., 607 665 (2004), [arXiv:astro-ph/0402512]. Perlmutter S. et al., Nature
391, 51 (1998); Perlmutter, S. et al., Astrophys. J., 517, 565 (1999). A. P. Riess et al. Astrophys.
J., 116, 1009 (1998), arXive: astro-ph/9805201; Riess, A. G. et al, Astrophys. J., 607, 665 (2004).
Most recent values for cosmological parameters are given by Roos, M., arXiv: astro-ph/0509089.
[2] Spergel, D. N. et al. [WMAP Collaboration], Astrophys. J. Suppl. 148 (2003) 175.
[3] Tegmark, M. et al. [SDSS Collaboration], Astrophys. J. 606, 702 (2004). Colless, M. et al. [the
2dFGRS team], MNRAS, 328, 1039, 2001
[4] Chaplygin S., Sci. Mem. Moscow Univ. Math. Phys. 21, 1 (1904); Gorini V., Kamenshchik A.,
Moschella U., arXiv: gr-qc/0403062; Debnath, U., Banerjee, A., Chakroborty, S., arXiv: gr-
qc/0411015; Bento, M. C., Bertolami, O. and Sen, A. A., Phys. Rev. D 66, 043507 (2002); Dev,A.,
Jain, D. and Alcaniz, J. S., Phys. Rev. D 67, 023515 (2003); Bilic, N., Tupper, G. B. and Viollier,
R. D., Phys. Lett. B 535, 17 (2002).
[5] Amarzguioui, M., Elgaroy, O., Mota, D. F. and Multamaki, T., arXiv:astro-ph/0510519; Nojiri, S.
and Odintsov, S. D., Phys. Rev. D 68, 123512 (2003); Capozziello, S., Cardone, V. F. and Troisi,
A., Phys. Rev. D 71, 043503 (2005).
[6] Wetterich, C., Nucl. Phys. 302, 668 (1988); Ratra, B. and Peebles, J., Astrophys. Journ. Lett., 325,
17 (1988); Brookfield, A. W., van de Bruck and Mota, D. F., Phys. Rev. Lett. 96, 061301 (2006).
[7] Liddle, A. R. and Lyth, D. H. Cosmological inflation and Large Scale Structure, Cambridge University
Press, 2000.
[8] Balaguera-Antol´ınez, A., Bo¨hmer, C. G., Nowakowski, M.. Int.J. Mod. Phys D14, 9, 1507-1526
(2005), arXiv: gr-qc/0409004.
[9] Peebles P.J.E., Ratra B., Rev.Mod.Phys. 75, 559-606 (2003), arXiv: astro-ph/0207347; Ratra, B. &
Peebles, P. J. E., Phys. Rev. D37, 3406 (1987). Carroll J, Living Rev.Rel. 4,1 (2001), arXiv: astro-
ph/004075. Volovik, G., E., arXiv: gr-qc/0405012; Yokoyama, J., arXiv: gr-qc/0305068; van Dam,
J. Y. H., Mon.Not.Roy.Astron.Soc. 317 965, (2000) (hep-th/9911102); Padmanaban, T., arXiv: gr-
qc/0503107; Turner, M., arXiv: astro-ph/9901109; Einasto, J., arXiv: astro-ph/0012161; Freedman
W., Turner M., Rev.Mod.Phys. 75, 1433-1447 (2001), arXiv: astro-ph/0308418.
[10] Nojiri S., Odinstov S. D., arXiv: hep-th/0505215; Godlowski W., Szydlowski M., arXiv: astro-
ph/0507322; Polarski D., Ranquet A., arXiv: astro-ph/0507299. Hu W., Phys.Rev. D71, 047301
(2005). arXiv: astro-ph/0410680.
[11] Wang, L. and Steinhardt, P. J., Astrophys. J. 508, 483 (1998); Nunes, N. J. and Mota, D. F.,
arXiv:astro-ph/0409481; Manera, M. and Mota, D. F., arXiv:astro-ph/0504519; Mota, D. F. and
van de Bruck, C., Astron. Astrophys. 421, 71 (2004); Chernin, A., Physics-Uspekhi 44, 1099 (2001);
Baryshev, Yu., Chernin, A., and Teerikorpi, P., Astron. Astrophys. 378, 729 (2001); Chernin, A.
D., Nagirner, D. I., Starikova, S. V., Astron. Astrophys. 399, 19 (2003); Teerikorpi, P., Chernin,
A. D. and Baryshev, Yu. V., arXiv:astro-ph/0506683; Bo¨hmer, C. G., Gen. Rel. Grav., 36, 1039
(2004); Bo¨hmer, C. G. and Harko, T., arXiv:gr-qc/0602081; Nowakowski, M., Sanabria, J.-C., and
Garcia, A., Phys. Rev. D66, 023003 (2002), arXiv:astro-ph/0105212; Iorio, L., arXiv:gr-qc/0511137;
Kagramanova, V., Kunz, J. and Laemmerzahl, C., Phys. Lett. B634, 465 (2006); Serena, M. and
Jetzer, P., Phys. Rev. D73, 063004 (2006); Jetzer, P. and Serena, M., Phys. Rev. D73, 044015
(2006).
[12] Noerdlinger, P. D. and Petrosian, V., Astrophys. J., 168, 1 (1971).
[13] Gibbons, G.W., Patricot C.E., Class.Quant.Grav. 20, 5223 (2003), arXiv:hep-th/0308200; R. Al-
drovandi, A. L. Barbosa, L. C. B. Crispino, J. G. Pereira, arXiv: gr-qc/9801100.
[14] Nowakowski, M., Int. J. Mod. Phys., D10, 649 (2001), arXiv:gr-qc/0004037.
8
[15] Balaguera-Antol´ınez, A., Nowakowski, M., Astron. Astrophys 441, 23 (2005), arXiv: astro-
ph/0511738.
[16] Balaguera-Antol´ınez, A., Bo¨hmer, C. G., Nowakowski, M., Class. Quant. Grav. 23, 485-496 (2006),
arXiv: gr-qc/0511057.
[17] Binney, J. and Tremaine, S., Galactic Dynamics, Princeton University Press, 1987.
[18] Chandrasekhar, S. An Introduction to the Study of Stellar Structure, Dover Publications, 1967.
[19] A. Balaguera-Antol´ınez, A., Mota, D. F., Nowakowski, M., Newtonian polytropic configurations
with cosmological constant, submitted.
[20] Chandrasekhar, S., Ellipsoidal Figures of Equilibrium, New Haven and London, Yale University
Press, 1969.
[21] Tassoul, J.L Theory of rotating stars, Princeton University press, Princeton, New Jersey, 1978.
[22] Shapiro, S. & Teukolsky, S., Black Holes, White Dwarfs and Neutron Stars, Wiley-Interscience
Publications, 1983.
[23] Sereno, M. et al., astro-ph/0602051; Cooray, A. R., Mon. Not. Roy. Astron. Soc., 313, 783 (2000);
Kalinkov et al., Mon. Not. Roy. Astron. Soc., 359, 1491 (2005)
[24] Balaguera-Antol´ınez, A., Mota, D. F., Nowakowski, M., Ellipsoidal configurations in the Einstein-de
Sitter universe, submitted.
[25] de Zeeuw. P. T. and Franx, M., Ann. Rev. Astron. Astrophys. 23, 239 (1989).
9
